Let G be a graph with n nodes, e edges, chromatic number and girth g. In an acyclic orientation of G, an arc is dependent if its reversal creates a cycle. It is well known that if < g, then G has an acyclic orientation without dependent arcs. Edelman showed that if G is connected, then every acyclic orientation has at most e ? n + 1 dependent arcs. We show that if G is connected and < g, then G has an acyclic orientation with exactly d dependent arcs for all d e ? n + 1. We also give bounds on the minimum number of dependent arcs in graphs with g.
Corollary 2. If G is a graph with k components, then d max (G) = e(G) ? n(G) + k.
Let d min (G) be the the minimum number of dependent edges in an acyclic orientation of a graph G. A cover graph is the underlying graph of the Hasse diagram of a partially ordered set. It is easy to show that having an orientation with no dependent edges is equivalent to being a cover graph (see 8] for example). Unfortunately, recognition of cover graphs is NP-complete 2, 7] .
Theorem 3 gives a well-known su cient condition for a graph to be a cover graph (seeStep 1. Index the nodes as v 1 ; v 2 ; : : : ; v n in the order of a depth-rst search. Let T be the tree that results from the depth-rst search.
Step 2. Find an m-coloring c with m < g(G). Relabel the colors so c(v 1 ) = 0.
Step 3. Step 4. Construct a color-rst tree T 0 of G 0 with respect to the coloring c starting with v 1 .
Step 5. Orient all edges of G from lower level to higher level of T 0 . Since all paths in the orientation pass through nodes of increasing level, the orientation is acyclic. This construction when d = 4 is illustrated in Figure 1 We claim that the orientation constructed in Step 5 has exactly d dependent arcs. Let edge xy be in G 0 where x is at level i, and y is at level j with i < j. Since y is adjacent to a node at level i in Step 5, it was placed into a level set when its color was next considered. The rst case where the best upper bound for d min (G) in terms of chromatic number and girth is not known is (G) = g(G) = 4. The smallest triangle-free graph with chromatic number 4 is Gr otzsch's graph (see Figure 2(a) ). Theorem 7 shows that Gr otzsch's graph has no acyclic orientation without dependent arcs. We give a short combinatorial proof of this well-known result (see 6] and 8] for other approaches). Theorem 7. Gr otzsch's graph is not a cover graph. Proof. Gr otzsch's graph has ten 4-cycles. In its depiction in Figure 2 , these 4-cycles appear in the plane without crossings, so the orientation of an edge in (with respect to) a 4-cycle containing it can be speci ed as clockwise or counterclockwise. Each edge lies in two 4-cycles. In every orientation, each of the ve outer arcs has the same orientation in both of its 4-cycles, while each of the other fteen arcs is clockwise in one of its 4-cycles and counterclockwise in the other.
Suppose Gr otzsch's graph has an orientation with no dependent arcs. In such an orien- 
